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ABSTRACT

BMA interferences (BMA1) was discovered less than a decade ago smd already there are liman clmical trials m progress or plamed. A major
ndvantage of BRAL versus other sntisense baced approaches for therapeutic applications i et here cellular machinery tsar efficiently alboos
targeting of complementary transcripts 15 used, offen resolting m highly poient downeregulation of gene expresseon, Despiie the excitement
abont thes renarkable ological proces fin saquence specilic gene regulsiiom. teeve are a gmnber of husdles md concerns thal must be
overgoane pired 10 making RMAS a real deerapeistic modaliny, which mclude off-target effects, riggering of type [ mterferon responsss, and
effective delivery m vivo, This review discusses various types of siBENA. mechanistic aspects of BNAS & the potental sreas where RNAL
therapeutics are applied. Tt 15 anticipated that RNAL will be a maser therapeutic modality withun the next several vears, smed clearly warmams

mitense mvestigaisn 1o filly uederstand die meclumnmans invelved
KEYWORDS: sEhA BxAaL DICER HIV.

INTRODUCTION

EMNA Interference (RNAI) is a process through which
dsENA mdoces the activation of cellular pathways
leading to potent and selectmve silencing of zenes with
bomolegy to the double strand BNAL 5 a recently
described mechanism for inhibiting gene expression. The
revolurionary  discovery that the endogenouws cellular
process of RNAL can be artificially manipulated for
mducing sene specific silence through administration of
sinall interfermg RNA (SIRNA) has led to an explosion
m  this  technique. Induction of RNA1  throueh
admumistration of siIBNA has been widely used in
treatmett of mumunology and transplantation,  viral
mfections, like HPV, HIV, HCV. Careinogenssis, ele.
Discovery (History)

BMNALD was orizinally identified in plants, fingi and
worms, GUO and KEMPHUES were nsed antisense
ENA 10 inlubil gene expression (pairing of anfisense
EMA or DNA wih tareet mBENA  throweh
complementary  sequence 1o inhibit tarpet mENA
translation). They found that, semse RNA controls
suppressed gene expression effectively as the antisense
RMNA' Later, Fire and colleagues discovered that
dsRINA mixture were moré potent than sense or anfisense
single siramds a1 cene silencing expression m Worms

which was called as “RNA mterference [(RNAD)
mechanism™. They found in fransgenic plants when the
genes  were  silenced by homelogous  iramsgenic
sequences. they were subsequently resistant to wviral
infection which is called “cosuppression™. It is clear the
trigger for the activation of BN Af cansmg the silencing is
sequence specific’

CLASSES OF SMALL ENA

Generally they inchide siRNAs, microBNAs (miBNAs)
and repeat associated siIENAs (rasiRNAs). Overview of
all sSIRNAs 15 represented in Fig. 1.

L siRNA

siRNA can be synthesised iwitro by chemically and
enzvmatically.

A, Chemical synthesis

Owing to short size, 21-23 nucleotides i length of
siRNA. typical micleotide svothesis techniques can be
used. The production of siRNA involves the generation
of two homologons strands, annealmg of the strands
imvitro, addition of chemical entities to mcrease stability
and ensuring that 2-nucleotide ovethangs which is to
activate RNA- Tnducing Silencing Complex (RISC), In
addition siRNA duplex requires a 3 hydroxyl group and
a S-phosphate proup for functional activity. In irs
synthesis, if 15 soggesied that targer regaon shoubd be a1 a
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least 70-1000 micleotides away from the transitional
initiation site and AU ; GC content should be as close to
0% a8 possible® The siRNA duplexes synthesized by
this type are effecte m silencing of cvtoskeletal
protems like lamm A/C, lamm B, Nuclear Mitotic
Apparatus protem (NUMA) and vimentin in human cell
lises’ when siRNA specific o RAPTOR (a protein in
mediating signal transduction mduced by rapamycmn)
was added to target of rapamyein (TOR) over expressing
cells the down stream signaling of protein was abolished
showimng siENA mhibition of lological Pathways.

B. Enzymatic svnthesis

siRNA duplexes are symthesized i this type by
engvimatically cleaving bong dsENA homwologues to the
target pene invitro usmg BNase-III extracted fom
Escherichin coli. Generation of long dsBNA & typically
performed by mvitro transcrpton of target gene both in
sense and antisense uwsing Tr RNA polymerase® The
advantage of such an enEvmatec approach 13 rapid and
effortless wdentification of the optimal sIRNA species for
silencing the destred hiological linction.

C. In-vivo synthesis

In countrast to the above tvpes of syntheszmeg saBNA, a
widely used siRNA in vive synthesis involves the
processing of long dsRNA to small mferfering RNAs
(siIRNAsg) by action of dsRNA specific endonuclease
known as “DICER”™ *'°_ The resultant siRNAs are double
stranded and 21-24 nucleotides m length.

I miRNA & rasiRNA

miBMA are known as microBNAs and they are prodoced
from premiBINA through a nmlitiple matiration prmess“.
The premiRNA i expressed i the muclens  from
endogenous long transcripts and 1s processed mto ~ 7ini
hairpins bv the RMNaselll familvy member drosha to
become preniRNA The premiRNA is exported to the
cytoplasm by exportin-53' and is futher cleaved by K3
D dicer heterodiomer into the mature miRNA.

In organisms like C elegans, S pombe, some of the small
ENAs sre homologous o regions of repetitive DNA
which are ternsed as RasiRNAs meluding transposons,
retroranEposons.  centromeric  vepeats,  satellte  and
microsatellite DNA', recruit and maintain regions of
stlenced chromatin and contain these repetilive sequence
kv activating sequence specific DNA methylation and
histone methylation and by recmitmg heterochromatin
associated protein’™ ' Transcription fom opposiug
promnoters found m repetitive DNA elements, such as
centromeric repeats and satellite DNAleads to the
formation of Jong dsRMNAs which are cleaved by DICER
presimably  the RD: DICER  heterochromatin 1o
sIRNAs"

ENIYME COMPLEXES INYVOLVED IN ENA
GENE SILENCING

Complexes like DICER, RISC, RITS, etc., are mainly
involved m various gene silencing mechanisms.

L DICER

The long dsRNA m cytoplasin are processed into small
interfering RNAs (siRNAs) by the action of dsRNA
specific endomiclease (an RN Ase-IIT enrvme) known as
“DICER"*", But through mvitro. the principle siRNA
generating enzyme s actually a DICER R: D:
beterodimer wiich remams associated with siENA
There 15 some evidence that DICER has also additional
roles in RNAL since the efficiency impaired when
DICER itself is also silenced' . In drosophila there are
two DICERS: DCR-1 AND DCR-2. In their egps lacking
fmnctional DCR-2. there is an impaired responss of
BMAG to synthetic siRNAs. An mnportant advance i the
ENA field was the demonstration that syothetic 21-
pucleotde duplexes with the same structure as DICER
generated siRNAs could also be incorporated imto RISC
and indisce the degradation of homologous targed RNAM
Action of dicer & described mFig. 2.

I RISC

RISC means “ENA Induced Silencing Complex™ The
siRNAs  are mcorporated info & bt subunit
Ribomucleoprotem  complex called “RISCT. ATP
dependent unwinding of the siENAs activates RISC. The
amfisense  (puide) strand of SsRNA  directs  the
endomiclease activity of the RISC to the homologous
(target) site on the m-BNA resulting m-BENA cleavage”.
The RISC siRNA is indially duplexed but nnwinds in the
activated mBNA cleavage competent fiom of RISC
(CHOLORIEC™). In addibion  activated RISC  also
containg the bhighly conserved arponaute 2 (Apo 2)
recently dentified as the RNAI endonuclease (of slicer)
8 The actual identity of shicer is not vet known,

IIL RITS

A protein complex called (RNA-induced initiation of
transeriptional  gene  silencing  RITS)  requited  for
heterochronsatin assembly m s pombe has been recently
purified and found to contain Ago] (a knewn component
of the ENAi patbway) the heterochromatin associated
chipl mand the povel protem Tas3 (targeting complex
subunit3)”. The siBNAs produced by R2D2/DICER
heterodimer are unwound and taken up by RITS which
divects the establisboment of silenced chronatin over il
region of DNA homologous to the siRN As.
MECHANISM OF GENE SILENCING

L Classical way of gene silencing through siENA
Stepl. Long double siranded RNA (dsRNA) s
recognized and processed by DICERRZD2 beterndimer
and RN As-111 enzvme mto duplexes of short mterfering
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ENA (siIBENA). In the conversion of dsBENA to siBENA
ATP are utilized and the phosphates are bound to
rermunal sides of sIRNA with the help of cellular Kinases.
Step 2 The =siIENA are mcorporated mto  the
“Multiprotemn RISC™ which 15 mactive,

Step 3. The duplex siRNA s nmwound i an ATP
dependent manner startmg at the 5 termmas that has the
lowest free energy of base parmg™ which camses the
activation of RISC,

Step 4. The Antisense siRNA strand bmds to tarpet
messenzer RNA {(m-RNA) that bear a high degree of
sequence complementarity to the siRNA which cleaves
the target m-RNA. Cleavage of the target m-RIN A begins
at single site f10 macleotides upsiream of the 5 —most
residie of the siBNA target m-BENA duplex™.

Step 5. The cleavage of m-RNA at a specific site mto
smalles  strands causes  the imhibition of  protein
translation specific to that m=-RNA  Classical way 1s
represenfed in Fig. 3

I Gene silencing throngh miBENA pathway

Step 1.The premiRNA is expressed m the nuclens from
the endogenous boug transcripts and processed mio the -
TOut hawrpins by the BNaselll family member drosha to
become premiRNA"

Step 2. The prenuRNA s exported (o the cytoplasm by
exportin-5'

Step 3. In the evtoplasm the pre-miRNA 15 cleaved by
the B2 DICER heterodmmes into the matuee imBEhNA
Step 4. The muRNA is loaded mto the RISC wluch
causes the uvnwinding of miENA.

Step 5. The unwinding miRNA binds 1o the rarget
mANA that have only partial sequence complensntary 1o
the mRNA which leads to the repression of protein
rranslation. MiRNA pathway is represented m Fig 4

1. Gene silencing through rasiRNA pathway

Step 1. Transcription from opposing promaters foumsl in
repetitive DNA clements such as centromernic repeats and
satellite DNA leads to formation of long dsBEMNAs.

Step 2 These kmg dsERNAs are  cleaved by
DICERR2D2 heterodimer mto siRNAs.

Step 3. These are wowounded and taken up the RNA-
imduced transeriptional silencing the establishment of the
stlences clromatm over the région of DNA homologous
to the siRNAs.

Step 4. This silenced chromafin s charactered by
methvlation of lysine-9 residue of lustone H3 and the
recriitment of heterochromatin associated proteins HP 1
and HP2 in Drosophila polygene chromosomes.
APPLICATIONS OF RNAI

The molecular BNAG ool will permin mvestigators to
roudmely implement “loss-of-fimction™ screens and helps
to develop rapid test for genetic mteractions m the

mammalian  cells. The wide spectrum of EMAI

apphcation to various fields 15 representad as below. An

overview of sSIRNA function is depicted in Fig. 3

L BENAI AS A THERAPEUTIC

BMNAI is widely used for therapentics because of the

following reasons

#  All the cells contam the machmery to carry out RNA
and all genes are potential targets for RNAL

= Relative use of the svathesis and low cost of
production of RINAI therapentics,

# o addtion. sIRNA are chenmcally stable and can be
stored hvophilized without refrigeration. RNA{ as a
therapeutic is depicted in Fig. 6.

1. Antiviral Therapeutics
A, HPY (Huoman Papillomavirus)
HPY is called as “Human papilloma vines™ which causes
Cervical cancer m women. This vous produces a profein
that suppresses the activity of genes in the human
articancer defeénse svstem. Therefore, the suppression of
HPV encoded viral gene products being done by RNAIL
coukd help to inhibat the growth of cancer.
B. HCV (Hepatitis C Virus)
Using BENAQ the suppression of the function of cellular
genes those required for HCV replication which are
mvolved in the host cell interactions and wviral
mmplmam:sm"“ Recently the technigue of siRNA is
adopied to target the host FASPROTEIN to reduce the
severe forms of hepalilis m & mice model™
C. HIV (Human Immunoedeficiency Yirus)
siRNA has been successful in treatment of HIV (Human
Immmne  Deficiency Virus) and even Severe Acute
Respiratony Syndrome (SARS) associated corona vins®™
siRNA mhibits the replication of HIV by targeting viral
(P vif nef, tat and rev) or cellular genetic receptors like
primary HIV receptor CD4, HIV co-receptor CXCR- 4!
awl  other 1eceptors !|_'|::v: CCR-5 resulimg in the
prevention of viral entry into target cells™ ", A practical
utilization of blocking HIV entry into the cells could be
transfecting haematopoeic stem cells with siRNA
expressing constructs so that progeny cells are not
susceptible to infection™, This approach was effective in
rendering  mopocyies derived from  transfected
progenitons resistant o HIV mifecton

2. Anticancer Therapeutics

A, Gene suppression by the siRNAs 15 a powerful tool 1o

analyze the function of the proteins [nvitre and nvivo]

especially for the ratsonal design of dmgs to block the
tumor relevant genes. Inifially m mvitro studies have
demonstrated effective silencing of a wide variety of

munared oncogenes such as K-RAS-(48), mtared P- 53-

(47), HER-Zmen—{48) and BCR-ABLY IN-VIVO

utihization of siRNA was effectively performed by
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fargetine the colorectal cancer associafed zene BETA
CATENIN which observes decreased proliferation and
dunmished invasivemess  Similarly  silencing of the
oncogene H-BAS led to the mhubition of m-vive tumour
growth of man ovarian cancer in SCID MOUSEY
Table showmg the uwse of different sIRNA I vanous
diseases 15 depicted m Table -1

B. siIRMA mhibition of BCL-2 famuly members is
associated with mereased susuepuhﬂﬂ}' of prosate
cancer o chemotherapetic imtervention™. The ahility to
create “PERMANENT-KNOCKDOWN" cancer cell
Imes will help us to understand the “loss of function
phenotype and subsequently develop commercially
important cancer preventive targets”™ verv recently this
reverse genetic approach has been adopted to stdy
modulation of the polveutanmune repeat associated with
"HUNTINGTONE DISEASE™ a newo depgenerative
disorder nsing viral promoter based vectors and direct
mnpection o mice embryvos

3. Immunology

Ome  of the most devastating  immune-mediated
pathologies is bactenal sepsis mediated by systeimic
release of TNF-a. The utilization of siBNA fo silence
this gene has been sucosssfully acommplished in the
Mimein Model of Sepsis. Manigpulation of the
macrophages. peripheral blood monormelear cells and T-
cells was successflly accomplished with siRNA which
demonstrated the pharmacological activiry of the siRNA
and the prospect of wsme sIBNA as an Tnunune
Suppressant. Previous approaches to suppressing T-cell
responses  ichiding  admmistration of dmugs (ep
evchosporine), antibodies (eg antiCDIS) or fision
piotems (e.g. CTLA-4-Tg) which have drawhacks hke
arpan toxicnty, lack of specificify etc. 50, to overcome
the drawbacks the therapeutic gene silencing of siBENA
was accomphshed m recent vears,

II. RNAi in agro biotech industry

By the BENAiI work performed i plant
“ARABIDOPSIS™. It was adentified that not only new
varieties of plant production bt alko prevention of plant
virus infections can be attamned. This strategy 15 wsed m
agro  biotech  industry  to study  plamt  host  vinus
inl eracTinDs,

1. Functional Genomics

The BN A1 approach has been applied in study of several
genetic “Tunctions nvolved in cell growth cell oycle,
cytoskeleton, signalmg, and membrane  trafficking
transcription and DN A methylatiom, The functions of this
gene were studied in abour 23 mammalian cells either by
meorporatmg  synthetic siIRNAs  are  unsing  clonad
plasmids that camries siRNA sequences™ The biggest
advantage of the RN A1 platfonm 15 it 15 hughly adaptable

process, significantly reducing the product developmient
cycle amd enhancing the rtarget walidation and
developmen.

IV, Genome wide screcning

The pgenome RNA strategy abs been used i high
throughput  phenotvpe screenmgs to  identify several
hndred genes that are involved in the cell cycle
embryonic or germ line development ovary and vulva
specific in “clenohabditis. Elegans™ etc., instead of
knocking down a single gene at a time which could take
a vear effort the RENA method allows scientist for the 1%
tume to knock out every sene in an creanism i oa few
moiths

V. Target Validation

Target wvalidation which 12 a maor problem for
biopharmacentical industry can be reduces by applving
the tectmigque of ENAL Targpet validation determmes
whether a known validate gene is responsible for a
disease miwd whether altering expression of the gene is
likely to result in the therapeutic effect. By using RNAI
hased target validation the fast mack discovery of dmg
targets i  short period in a most cost effective’ appioach
can be attained.

VL Drug screening and Development

Selection and wvalidation of molecular targets s a greal
importance for drog development m the post genomie
era. The dentification of the genes responsible for the
identification of many diseases which is a major
challenge i diug development can be aclueved by the
EMNAL technique in a rapid and more economical way.
BMNAG also facilitate the dmg screening and development
by dentifying the genes that can confer drug resistance
or genes Whose mutant phenotypes are meliorated by
drug treatment. RNA methods could be extended fto
study the gene expression of insect and parasite genomes
and develop better mene based siBNA with various
interdisciplinaries 15 depicted m Fig. 7.

Various orpanisations  working  with  the
therapetics is depicted in Table-2
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